The role of action potentials in determining neuron-type-specific responses to nitric oxide.
The electrical activity in developing and mature neurons determines the intracellular calcium concentration ([Ca(2+)]i), which in turn is translated into biochemical activities through various signaling cascades. Electrical activity is under control of neuromodulators, which can alter neuronal responses to incoming signals and increase the fidelity of neuronal communication. Conversely, the effects of neuromodulators can depend on the ongoing electrical activity within target neurons; however, these activity-dependent effects of neuromodulators are less well understood. Here, we present evidence that the neuronal firing frequency and intrinsic properties of the action potential (AP) waveform set the [Ca(2+)]i in growth cones and determine how neurons respond to the neuromodulator nitric oxide (NO). We used two well-characterized neurons from the freshwater snail Helisoma trivolvis that show different growth cone morphological responses to NO: B5 neurons elongate filopodia, while those of B19 neurons do not. Combining whole-cell patch clamp recordings with simultaneous calcium imaging, we show that the duration of an AP contributes to neuron-specific differences in [Ca(2+)]i, with shorter APs in B19 neurons yielding lower growth cone [Ca(2+)]i. Through the partial inhibition of voltage-gated K(+) channels, we increased the B19 AP duration resulting in a significant increase in [Ca(2+)]i that was then sufficient to cause filopodial elongation following NO treatment. Our results demonstrate a neuron-type specific correlation between AP shape, [Ca(2+)]i, and growth cone motility, providing an explanation to how growth cone responses to guidance cues depend on intrinsic electrical properties and helping explain the diverse effects of NO across neuronal populations.